Background: Patients with disorders of gastrointestinal function may undergo unnecessary treatment if misdiagnosed as motility disorders.
Introduction
Based on questionnaire studies, upper gastrointestinal symptoms such as reflux, heartburn, and postprandial fullness are experienced by up to one-third of adults in the USA. 1 Constipation is reported in 15% adults and 20-25% in elderly or African American adults. 2 There is overlap between functional gastrointestinal disorders (FGID), such as functional dyspepsia and irritable bowel syndrome (IBS), and gastrooesophageal reflux and IBS. Therefore, these symptom combinations may be presenting complaints in adults attending primary care or gastroenterology clinics. These symptom complexes may be attributed to visceral hypersensitivity or impaired gastrointestinal motility and are treated with limited success. There is no treatment proven to benefit patients with overlapping syndromes.
On the other hand, rumination syndrome and rectal evacuation disorders are forms of upper and lower FGID that are characterized by more-specific symptom profiles or objective test findings. Rumination syndrome is characterized by almost daily, repeated, effortless regurgitation of partially digested food typically within 30 min of meal ingestion, with subsequent rechewing and reswallowing or expulsion; 3, 4 diagnosis is based on the Rome III criteria 5 (Table 1 ). Rumination has been described in children, adolescents, and adults of normal intelligence. 3, 6 Less than 20% of patients with rumination syndrome have a prior history of anorexia or bulimia nervosa; however, these are usually resolved at the time of presentation with rumination.
Pelvic floor dyssynergia or rectal evacuation disorders (RED) cause obstruction to defecation, and are characterized by incomplete relaxation of the pelvic floor and external anal sphincter, resulting in constipation. RED are diagnosed by findings on rectal examination 7 (such as limited perineal descent, high anal sphincter tone at rest, and tenderness or paradoxical contraction of the pelvic floor during attempts to simulate defecation) and anorectal manometry and balloon expulsion test. In our referral practice, RED were the cause of chronic constipation in >25% patients in a consecutive series of >1400 patients. 8, 9 Rumination and RED are treated with behavioural approaches, 10 with success rates approximating 70% in patients with RED. Similarly, in our practice, 15/214 patients referred for evaluation of upper gastrointestinal symptoms had rumination syndrome. 11 Our study objective was to report on a patient cohort diagnosed concurrently with both rumination syndrome and RED in order to gain insight into potential diagnostic cues or disease associations that will aid clinicians to diagnose and manage the disorders.
Methods

Search strategy in electronic medical records
We utilized the proprietary Data Discovery and Query Builder at the Mayo Clinic, Rochester to enter the search queries 'pelvic floor dysfunction', 'pelvic floor dyssynergia', 'evacuation disorder', 'obstructive defecation', 'outlet obstruction', 'dyssynergic defecation', and 'Camilleri'. We further narrowed the results by searching for 'rumination syndrome', 'regurgitation', and 'vomiting'.
Participants
In a retrospective study of electronic medical records between 1 January 1994 and 30 April 2013, we identified a cohort of 438 patients with RED, among whom 57 (13%) were diagnosed with concomitant rumination syndrome.
The Mayo Clinic Institutional Review Board approved this study for patients who had consented to use their medical records for research.
Diagnostic criteria
Rumination syndrome was determined based on the required Rome III criteria (Table 1) , including two additional supportive criteria (D and E): occurrence daily or almost daily; and involving every meal or almost every meal. 5 RED was suspected on clinical symptoms that included features consistent with Rome III criteria for functional defecation disorders (i.e. symptoms consistent with functional constipation), 12 as well as objective findings. Thus, RED was confirmed on balloon expulsion test (requiring >200 g of weight) and maximum resting anal sphincter pressure >90 mmHg on anorectal manometry. Additional criteria, based on scintigraphic defecography, were failure of the anorectal angle to open >15 with straining, or perineal descent >4.5 cm. 13 These criteria were based on a review of the literature and appropriate age ranges. 8, 14, 15 Data extraction Data extracted included demographics, clinical features, medications, past medical history, social history, physical examination, evaluation, comorbidities, surgeries, treatments, and outcome. 
Gastrointestinal transit studies
Gastric emptying was measured by following a standardized breakfast meal tagged with 99 m Tc sulphur colloid via gamma camera images taken immediately postprandially and at 1, 2, and 4 h. For colonic transit measurement, patients ingested 111 In adsorbed on activated charcoal delivered to the colon by a methacrylate-coated, delayed-release capsule taken with the standardized breakfast for gastric transit. Abdominal scinticans were obtained at 8, 24, and 48 h after ingestion of the 111 In capsule. 16, 17 Other tests
We also recorded other tests conducted at Mayo Clinic and medically relevant ones performed at other institutions. These included measurements of gastric accommodation by single-photon-emission computed tomography, 18 oesophageal manometry, oesophageal pH studies, endoscopy and other imaging studies.
Psychological assessment
Psychological diagnoses and personality characteristics were based on the patients' previous psychiatry history, clinical interview by behavioural therapist and psychologist (Masters and Doctoral level psychology team), and validated psychological questionnaires (including Generalized Anxiety Disorder 7 and Patient Health Questionnaire [PHQ-9]). [19] [20] [21] [22] Analysis Descriptive data are displayed as number of patients (%) or mean AE standard error of the mean. Proportions of findings are based on the numbers of patients in whom the specific parameter was documented in the record.
Results
Participant characteristics
Of the 438 patients evaluated for RED over the 19 years under study, 57 (13%) were identified with concomitant rumination syndrome. Age at diagnosis was (mean AE standard deviation) 30.3 AE 1.63 years (range 14-62, eight <18 years) and body mass index was 20.8 AE 0.5 kg/m 2 (range 14.8-32.8). Fifteen patients (26%) were considered underweight (<18.5 kg/m 2 ). In this patient group, 95% were female and 89% were Caucasian.
Clinical features: findings in the history
The primary complaints were vomiting or regurgitation in 28% of the study population, constipation in 14%, and both in 58% (n ¼ 57).
Rumination. All 57 participants fulfilled both of the required and supportive Rome III criteria for rumination syndrome ( Table 1) .
Rectal evacuation disorder. Fifty-one (89%) of the 57 patients reported symptoms of constipation. Although they did not specifically complain of constipation, detailed history showed that five of six patients had history suggesting a disorder of rectal evacuation, specifically two with sense of incomplete rectal evacuation, one supporting the perineum to defecate, pressure on the lower abdomen to facilitate defecation, and five with excessive straining to defecate. In these six patients, routine digital rectal examination identified a nonrelaxing pelvic floor or other features that were suggestive of rectal evacuation disorder and led to further investigation. Table 2 shows the number of participants who endorsed a history of manoeuvres to evacuate stool: perineal support, vaginal or anal digitations, or sense of incomplete rectal evacuation, findings consistent with RED. (5) Values are n with feature present/n with feature documented in medical record (%). a One patient who did not undergo digital rectal examination for religious reasons, did undergo anorectal manometry.
Onset of RED and rumination. In five patients (9%), rumination had preceded constipation for between 3 months and 10 years. Five patients (9%) noticed feeling constipated once the rumination started. In 23 patients (40%), constipation presented first, followed by rumination (range of months to >10 years). In the remaining 17 patients (30%), there was not enough information to determine the relative time of onset of the rumination and constipation. Six patients (11%) denied feeling constipated. Thus, among the 34 patients with sufficient documentation, constipation preceded rumination in 23/34 (68%) of patients.
Physical examination findings
The findings on rectal examination are summarized in Table 2 , which details abnormal perianal sensation, perineal descent, resting anal sphincter tone, paradoxical sphincter contraction upon attempted defecation, and puborectalis tenderness. The most common finding was decreased perineal descent ( 1 cm) observed in 81% (43/53 with this finding recorded) of patients.
Patients presented with different combinations of the rectal examination findings, with 57% of patients manifesting one or two characteristics of RED. (Tables 3 and 4 ) and compared to controls in our laboratory. 16, 23 Six patients had accelerated gastric emptying at 2 h (all normal at 4 h), and seven patients had delayed gastric emptying at 4 h (2 being borderline slow). Seven patients had decreased gastric accommodation after a standard 300 ml liquid nutrient (Ensure, 1 kcal/ml) drink (normal postprandial volume >428 ml). All 57 patients underwent anorectal manometry and balloon expulsion testing; 11 patients also had anorectal angle and perineal descent measurements as part of the scintigraphic defecography test, which was conducted at our institution until 2008 (Table 4 ). Four patients had a normal anorectal manometry; in two patients, the test had been conducted at an outside institution which did not evaluate all of the aforementioned parameters. One patient had ingested two types of oral benzodiazepines before the anorectal manometry, but had highly suggestive history and examination findings of RED. Twenty-eight patients (49%) had only one abnormality and 24 participants (42%) had !2 abnormalities on tests for RED.
Findings on gastrointestinal evaluation
Comorbidities and surgery experienced prior to identification of the combined RED and rumination A summary of the medical and surgical comorbidities identified prior to the diagnosis of RED-rumination syndrome are summarized in Table 5 . Thus, prior to the diagnosis of RED-rumination syndrome, the medical records review showed that 26 (46%) patients had undergone prior gastrointestinal surgeries: 17 cholecystectomies, seven partial or total colectomies, 11 multiple surgeries including percutaneous endoscopic jejunostomy placement. Similarly, the records documented that, prior to the diagnosis of RED-rumination syndrome, 18 patients (32%) had problems with urinary bladder emptying.
Eighteen patients (30% of the 54 in whom this information was available) had to leave college, graduate school, or work, requiring the aid of disability insurance, and even more individuals had to restrict their social or physical activities because of their illness. jejunostomy continued regurgitating and were eventually placed on parenteral supplementation.
Prior medical and nutritional treatments
Psychiatric comorbidities prospectively identified at the time of identification of RED and rumination syndrome
Fifty-four patients completed the psychological assessment, including the questionnaires GAD-7 and PHQ-9, which are summarized in Table 6 based on the diagnoses provided by professional psychologists (JRS, RJS). Fifty (93%) had at least one psychiatric comorbidity. The most common psychiatric comorbidities were prior history of anorexia or bulimia nervosa, abuse, anxiety, depression, and somatization disorder. Thirty-three patients (61%) were diagnosed with a major disorder based on Diagnostic and Statistical Manual of Mental Disorders, fourth edition. 24 
Management instituted for RED-rumination
Patients received standard care for both rumination and RED. Rumination behavioural therapy was provided as one session with a behavioural psychologist with instruction on the use of diaphragmatic breathing to abort or control the regurgitation of food. 10 All patients were referred to a biofeedback programme for RED; 32 pursued treatment elsewhere. Twentyfive patients underwent intensive therapy for RED at the Mayo Clinic, consisting of multiple sessions of pelvic floor and anal sphincter relaxation with biofeedback cues provided by electromyography recordings from a plug placed in the anal sphincter. Of these, all except three patients had a resolution of their symptoms; however, they were all subsequently diagnosed as slow colonic transit after resolution of RED and underwent colectomy.
Discussion
Our medical records study has identified a hithertounrecognized association of RED with rumination syndrome in 57 patients. When both conditions were observed in the same patient, 93% of patients had a psychiatric disorder, as compared to 17% reported in rumination 6 and 65% in 60 patients with RED alone, among patients evaluated at the same tertiary referral centre. 25 It is unclear whether the comorbid psychiatric disorders represent the cause or the consequence of RED-rumination. Certainly, the number of failed prior therapies. including enteral and parenteral nutrition, percutaneous gastrostomies, cholecystectomy, and colectomy. may influence the development of secondary psychiatric comorbidities. The association between FGID and psychiatric diagnoses has been widely explored. For example, in a study of 175 patients with IBS by Rome III criteria (median age, 41 years; 78% women, which were similar to the age and gender in our patient cohort) evaluated at two specialty care clinics, 47% had at least one comorbid mental illness, with the most common classes being anxiety disorders (69%) and affective disorders (38%, of which 22% were depressive disorders. 26 In our study, 93% (50/54) of patients had a psychiatric diagnosis, elevated scores on validated psychiatric questionnaires (GAD-7 and PHQ-9), or underwent treatment for a psychiatric disorder. [19] [20] [21] [22] Thus, the proportion of patients with the RED-rumination association with psychiatric disorders appears higher than that observed in IBS patients in tertiary care clinics 26 or in patients with rumination alone (66%) in a small prospective study 27 and 17% in a larger retrospective analysis of 147 children and adolescents. 6 Because of the unknown prevalence of rumination syndrome in the community, it can be challenging to determine the influence of psychiatric disorders on this condition. However, Green et al. 28 have shown that, when psychiatric disorders are present, it is helpful to address these issues for successful treatment, indicating a substantial role of the psychiatric disorder in rumination syndrome.
The observation of 93% psychiatric comorbidity in the RED-rumination cohort is also higher than the 47% of patients with RED in whom there were associated axis-I psychiatric disorders, more commonly anxiety and phobic-anxious temperament, in one study 29 and depression, obsessive compulsiveness, anxiety, and high somatization symptom scores in another study. 30 Our data show that the majority of psychiatric diagnoses in patients with RED-rumination association were depression (44%), anxiety (37%), or somatoform disorders (22%), consistent with previously reported data in patients with either rumination or RED. 6, 30 Similarly, 48% of our study participants displayed type A personality characteristics, including high grade point average, multiple extracurricular activities, and academic/career achievements. 6 Studies have shown that abuse (physical, sexual, or psychological) is associated with increasing prevalence of rumination and levator ani syndrome as compared to controls. Furthermore, 23% of female patients with pelvic floor complaints disclosed prior sexual abuse. 31 In our current cohort of patients, we found 32% had a history of physical, psychological, or sexual abuse, 18% had either anorexia or bulimia, and 13% (7/54) had some indication of secondary gain from their rumination syndrome such as desired weight loss. These aspects of the patients' histories may provide important clues for accurate diagnosis of RED-rumination. A recent report from Australia also identified an association between pelvic floor dysfunction and more significant eating disorders in 184 patients requiring hospitalization for the eating disorder. 32 Overall, our observations suggest that the two conditions and their concurrence represent behavioural disorders, but we are unable to attribute the aetiology to any particular cause such as an abnormal response to visceral sensations or the history of abuse identified in 32% of our cohort.
This patient population was noted to have multiple and severe comorbidities, with many permanent effects secondary to medical interventions. Ninety-one per cent of our patients were prescribed medications, with an average of 2.5 AE 0.2 prescriptions per person. Although these medications may have provided partial short-term relief, none targeted the underlying pathophysiology and, thus, could not provide a long-term solution. Surgical intervention was conducted in 44% of patients, including 17 cholecystectomies and seven colectomies. Sixteen people (28%) were unable to maintain their nutrition and required enteral or parenteral supplementation. Even with the predominance of overachieving individuals (30% had to leave college, graduate school, or work, requiring the aid of disability), even more individuals had to restrict their social or physical activities.
Identification of the RED-rumination association and the extremely high prevalence of the psychiatric comorbidity are highly relevant to providing correct management and avoiding unnecessary treatments and iatrogenic disease. Concurrence of upper and lower gastrointestinal symptoms such as regurgitation, vomiting, bloating, and constipation is not uncommon and may suggest a spectrum of disorders from IBS to more life-threatening, diffuse neuromyopathic diseases. Diagnosis of these neuromyopathic diseases requires extensive, often costly evaluations and may lead to nutritional, medical, or surgical treatments including enteral or parenteral nutrition, percutaneous gastrostomy, fundoplication, ileostomy, or colectomy, as was observed in our tertiary referral cohort. We believe that it is important, from risk, cost, and optimized management perspectives, to identify a less severe association that combines such upper and lower gastrointestinal symptoms, especially since it is diagnosed by simple clinical and laboratory methods and is treated noninvasively.
Our experience suggests that the presenting symptoms of RED-rumination association reflect the components of each syndrome individually. However, it is essential to ask about both regurgitation and constipation symptoms in each individual presenting with either symptom, since the information is often not volunteered at initial evaluation. Six of the 57 patients presenting with rumination denied a history of constipation; however, a rectal examination and anorectal manometry showed classical features of RED.
Behavioural therapy and biofeedback have been effective treatments for the vast majority of patients with rumination syndrome 6 and RED. 33 The most important predictor of success for physical therapy is a willingness to comply with treatment protocol. 34 In patients with psychiatric disorders, lack of motivation and an ideology of failure may interfere with the treatments, based on behavioural modification. Thus, a thorough psychiatric evaluation should be performed in patients with RED-rumination and, in addition to the behavioural and physical therapy to help improve symptom resolution, the required psychiatric therapy should also be provided. Because some psychiatric disorders may be secondary to RED and rumination syndrome, 35 proper treatment of RED-rumination may result in an improvement or resolution of the psychiatric comorbidities.
Limitations of this study include the identification of 57 patients in a retrospective medical record review, the reliance on validated psychiatric questionnaires, and a single psychological evaluation by a clinical psychology team who also provided the education and behavioural treatment. However, we lack outcome data on the behavioural treatment, a weakness that is inherent in the retrospective medical records review. The true prevalence of the condition cannot be estimated. RED has been identified in 27% of constipation patients 8 and rumination syndrome in 15 of 214 patients referred for evaluation of upper gastrointestinal symptoms 11 at the same tertiary referral centre. A final word of caution is that a minority of patients may have a more complex pathophysiology to explain the occurrence of constipation; thus, three of these 57 patients eventually underwent colectomy after rehabilitation of the RED was insufficient to resolve their constipation due to concomitant slow colonic transit constipation.
The identification of this novel association is justified by the significant medical, social, and academic comorbidities noted and by the unnecessary tests and treatments undergone by patients with RED-rumination. Prospective, longitudinal studies will be beneficial to further characterize this combined disorder, determine the natural history and outcomes of both RED and rumination syndrome, and clarify effective treatment options, including the option of treating exclusively the psychiatric disorder and assessing the outcome of the two gastrointestinal disorders. Future studies will also need to explore the possible pathophysiological mechanisms underpinning the association between rumination and RED. The roles of the diaphragm and the pelvic floor in the pathophysiology of the two conditions suggest that excessive contraction or failed relaxation are worthy of further exploration, including the influence of psychological stress and anxiety.
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